The effect of phosphate on the different stages of the life cycle of Myxococcus coralloides D has been examined. A high concentration of phosphate inhibited the process of fructification, but glycerol-induced myxospore formation and germination were independent of phosphate concentration. Acid and alkaline phosphatases were detected and both were released into liquid medium during the exponential growth phase. On solid medium, phosphatase activities showed different patterns according to the stage of the life cycle. The increase of these two activities was transient during glycerol-induced myxospore formation. Differences in phosphatase activities during germination of glycerol-induced myxospores and fruiting-body myxospores were found.
INTRODUCTION
The myxobacteria have a complex life cycle consisting of vegetative growth, aggregation, fruiting body formation, myxospore formation and germination. Myxospore formation can also be induced by the addition of glycerol to a vegetative culture (Dworkin & Gibson, 1964) . Two distinct cell types exist in this life cycle: myxospores and vegetative cells.
Myxospores are physiologically different from vegetative cells, having a very low metabolic rate and being more resistant to desiccation (Sudo & Dworkin, 1969) . Various enzymes have been observed to increase in activity during myxospore induction (Orlowski et al., 1972; Filer et al., 1977) . At high cell densities an increased alkaline phosphatase activity and the release of phosphate by myxospores has been observed (Dworkin, 1973) . It has been speculated that orthophosphate is a natural signal necessary to ensure synchronous germination within the community. However, myxospores from fruiting bodies do not seem to respond to the phosphate signal (White, 1975) .
Another property of myxobacteria is the ability to produce a wide variety of exoenzymes. The proteins secreted by Myxococcus xanthus are not accumulated in its periplasm, but are released into the growth medium (Kaiser et al., 1979; Nicaud et al., 1984) .
In this paper we report on acid and alkaline phosphatase activities during the life cycle of Myxococcus coralloides D, and the effect of phosphate on this life cycle. resuspended for germination in fresh CT medium at a density of lo* myxospores ml-l. Myxospore induction and germination was studied at various pH values and concentrations of phosphate. Morphological changes during myxospore induction and germination were followed with a Zeiss phase-contrast microscope.
Fruiting bodies and vegetative colonies. For fruiting body formation, samples of an exponentially growing culture were applied as droplets (8 droplets per plate; 50pl per droplet) to YA medium containing different concentrations of phosphate. The resulting fruiting bodies were examined for the presence of myxospores with a phase-contrast microscope. For vegetative colony formation, droplets were applied to CTA medium as previously described for fruiting body formation. These colonies contained only vegetative cells. The fruiting bodies and vegetative colonies were scraped from the solid medium and suspended in 10 mM-pOtaSSiUm phosphate for enzyme assays.
Enzyme assays. A portion of the cell or myxospore suspension (1 ml) was treated with toluene, and 0.6 ml was added to 2.4 mlpnitrophenyl phosphate (3 m~, in 50 mM-Tris/HCI pH 8-5 for alkaline phosphatase, or in 50 mMsodium acetate pH 4.5 for acid phosphatase). The mixture was incubated for 30 min at 28 "C. The reaction was stopped by adding 1 M-NaOH (3 ml), the cells or myxospores were removed by centrifugation and the absorbance at 410nm was determined. A unit of activity (U) was defined as an increase of 1.0A410 unit h-l. Specific activities [U (mg protein)-'] presented are the mean of at least three different assays from separate cultures. Protein was determined by the Lowry method and by the Coomassie blue method (Sedmak & Grossberg, 1977) .
RESULTS

Injuence of phosphate on the developmental cycle
Addition of phosphate between 5 and 50 mM had no effect on glycerol-induced myxospore formation. Likewise, the germination of glycerol-induced myxospores in CT medium containing between 5 and 50 mM-potassium phosphate was similar to that of controls without added phosphate. Glycerol-induced myxospore formation and germination were independent of phosphate concentration. In contrast, fruiting body formation and subsequent myxospore formation were inhibited by 20 mM or more phosphate. Glycerol-induced myxospore formation and germination were independent of pH in the range tested (5.2 to 8.5).
Activity of acid and alkaline phosphatases in liquid and solid media M . coralloides D produced acid and alkaline phosphatases during growth in CT liquid medium containing 10 mM-phosphate (Fig. 1) . The specific activity of the cell-bound phosphatases increased during the exponential growth phase (10-34 h) and decreased in the lytic phase (50-80 h) (Fig. 1 a) . The total cell-bound phosphatase activity increased roughly in parallel with the increase in cell culture density. During the early-exponential phase of growth (10 h), over 14% of both activities were released into the medium; during the mid-and lateexponential phase (20-34 h), over 7 % of acid and alkaline phosphatase activity was released ; in the lysis phase, more than 20% of both activities were released (Fig. 1 b) . In all cases the acid phosphatase activity was higher than the alkaline phosphatase activity.
The protein released into the medium (extracellular protein) was measured. The total protein released increased during exponential growth, but the protein released per cell was constant throughout the exponential growth phase (Fig. 2) . The amount of extracellular protein per cell increased during the lysis phase. In contrast to the constancy of protein released per cell during the exponential growth, variations in the specific phosphatase activity in the medium were observed (Fig. 16) . The data in Figs 1 and 2 correspond to the same experiments.
The specific activities of the cell-bound phosphatases of M. coralloides D grown on different solid media were compared (Fig. 3) . Cells on CTA grew only vegetatively. The acid and alkaline phosphatase activities derived from cells grown on CTA reached a maximum during the days of growth (Fig. 3a) . However, when M . coralloides was grown on YA medium, fruiting bodies were formed and the phosphatase activities showed two peaks (Fig. 36) . The first peak might be attributable to growth over the substrate and the second to the massive cell lysis which accompanies fruiting body formation. Developmental lysis has been observed in M. xanthus (Wireman & Dworkin, 1977) . When fruiting body formation on YA medium was inhibited by 20 mM-phosphate (Fig. 3c) the pattern of phosphatase activities was similar to that observed during vegetative colony formation (Fig. 3a) . The total activity of cell-bound phosphatases was Cell-bound and supernatant specific activities were assayed from the same culture. In the text, the data for supernatant activities are expressed as a percentage of the total activity. The specific activity at 10 h corresponds to early-exponential phase; that at 20 and 34 h to midand late-exponential phase, respectively; and that at 50-80 h to the lysis phase. the same in cells grown on CTA, YA and YA medium plus phosphate. Thus, the differences in the specific activity during fruiting body formation may be due to a decrease in the amount of protein because of cell lysis. Myxospores began to appear on the ninth day of culture on YA medium, during fruiting body formation.
Activity of acid and alkaline phosphatases during myxospore induction and germination
The specific activities of acid and alkaline phosphatases increased during the first 8-12 h of myxospore induction with glycerol (Fig. 4) . In mature glycerol-induced myxospores (at 24 h), the cell-bound activities were 4 0 4 0 % less than those in vegetative cells (Fig. 4a) . No activities were detected in the supernatant when the myxospores were mature (Fig. 46) . We have detected extracellular proteolytic activity (assayed by the method of Haska & Noren, 1967) during myxospore induction (unpublished results), and this could be responsible for the loss of phosphatase activity in the supernatant. However, extracellular phosphatase activities were stable during the first few hours of myxospore induction, although we have also detected protease activity during this time.
Cell-bound phosphatase activities during germination were different for glycerol-induced myxospores and fruiting-body myxospores (Fig. 5) . Thus in glycerol-induced myxospores both specific activities increased linearly to reach the values of vegetative cells, whereas in fruiting- phosphatases during myxospore induction with 0.5 M-glycerol: (a) cell-bound, (b) in the supernatant. Cell-bound and supernatant activities were assayed from the same culture. Activity at 0 h corresponds to vegetative cells, at 3 h to short rods, at 8 h to non-refractile spheres, at 12-18 h to refractile spheres and at 24 h to mature myxospores. body myxospores both activities reached a maximum during germination, and subsequently decreased to the values of vegetative cells. The pattern of changes in supernatant phosphatase activities during germination was similar in both myxospore types (Fig. 6) .
DISCUSSION
Several workers have speculated on a possible role for phosphate in the developmental cycle of myxobacteria (Dworkin, 1973) . Jones & Barr (1983) suggested that there are at least two distinct autolytic systems in M . xanthus, one sensitive and the other insensitive to phosphate. Our data support the existence of different autolytic systems in M . coralloides D. Thus, in this myxobacterium, although myxospore induction by glycerol, and subsequent germination, are independent of phosphate concentration, autolysis in liquid medium and the development of fruiting bodies are dependent on phosphate concentration.
Reports of phosphatases in myxobacteria have hitherto been restricted to M . xanthus; their localization (Voelz & Ortigoza, 1968) and secretion (Nicaud et al., 1984) have been reported. We have detected acid and alkaline phosphatases in M . coralloides D and found differences between the patterns of the specific phosphatase activities during fruiting body formation and vegetative growth. These differences disappeared when fruiting body formation was inhibited by phosphate. This fact may be attributable to the effect of phosphate on the lytic phenomena that occur during fructification. In myxobacteria there is a strong correlation between lysis and and fruiting body myxospores (m). Activity at 0 h corresponds to mature myxospores, at 3 h to non-refractile spheres, at 5-9 h to myxospores beginning to elongate, and at time 11 h to vegetative cells. development (Zusman, 1984) . Moreover, the specific phosphatase activity was higher during fructification than during vegetative growth.
The constancy of the amount of extracellular protein produced per cell (during growth in CT liquid medium) suggests a control of the total amount of protein secreted, as has been postulated for M . xanthus (Nicaud et al., 1984) .
We detected a transitory increase in phosphatase activities during myxospore induction. Orlowski et ul. (1972) and Filer et al. (1977) also observed transient increases in enzyme activities during this process in M. xanthus. Glycerol-induced myxospores are reported to be more active metabolically than fruiting-body myxospores (Kaiser et al., 1979) . In agreement with this, in M. coralloides the specific activities of both phosphatases in glycerol-induced myxospores were about 60% greater than those in fruiting-body myxospores. The two types of myxospores also showed different cell-bound activities during germination. This work was supported by grant number 3141-83 from Comision Asesora para la Investigacion Cientifica y Tecnica, Spain. We would like to thank James Carter for his assistance in the translation of this paper.
